A defining feature of Phenoview is its ability to comparatively visualize data for multiple genotype-phenotype combinations simultaneously. This mix-and-match option is suited to investigating the knockout effects of a genotype on multiple traits, and also to the investigation of multiple genotypes that affect the same trait. Selecting the comparative visualization mode displays multiple graphs that reflect selections made by the user (Fig. 1b) . These genotype-phenotype combinations are selectable on the basis of user-defined P-value thresholds configurable on the heat-map interface.
Phenoview enables real-time interaction with the displayed data, allowing users to interactively filter out data points by gender and zygosity and to dynamically configure the statistics displayed. It also allows the generated graphs to be saved as image files. Phenoview is context sensitive and automatically chooses the appropriate display type to match the data. It can also display digital media (e.g., X-ray or LacZ expression), with the flexibility to adjust brightness, contrast, zooming and panning (Fig. 1c) . To permit further analysis of the data using alternative tools, Phenoview also allows downloading of the raw data (Supplementary Note).
By collating data from multiple centers, Phenoview provides a single, convenient data access point for researchers, increasing accessibility to the phenotype data. Through these tools, the IMPC aims to advance our understanding of genotype-phenotype relationships 6 by enabling systematic analysis of large-scale phenotype data. 
Comparative visualization of genotypephenotype relationships
To the Editor : The International Mouse Phenotyping Consortium (IMPC) aims 1 to create a comprehensive functional catalog of the mammalian genome. It currently provides access to over 22 million data points concerning the knockout effects of 1,633 mouse genes on 44 classes of well-defined phenotypic traits. These data were collected 2 at ten phenotyping centers worldwide. Because data are only as good as the tools available to analyze them, the IMPC has developed specialized tools 3 to reliably extract useful information 4 from these data.
Phenoview is a publicly accessible web-based tool (https:// www.mousephenotype.org/phenoview) developed by the IMPC for visualizing genotype-phenotype relationships. It provides access to the IMPC phenotype data through a grid-like interface. This phenotype heat map is organized into columns for genes and rows for phenotypes (Fig. 1a) . Each cell in this grid displays statistical analysis 5 results, highlighting sexual dimorphism and 'phenodeviance' , in which the mutant phenotype deviates significantly from that of the wild type. This provides an overview of what data are available and which are of potential interest. Clicking on a cell displays the data for the genotype-phenotype combination.
Clarifying the terminology that describes scientific reproducibility
To the Editor: There has recently been a growing interest in discussions of reproducible/repeatable scientific research 1,2 . The scientific press appears to be witnessing a confusion of terms: reproducibility, repeatability and replicability are referred to with different and sometimes conflicting meanings, both between and within fields. We suggest that these terms can be clarified by considering the intended generalization of the study at hand.
In industrial systems, for example, reproducibility and repeatability are used in the context of 'gauge repeatability and reproducibility' (GR&R) testing for evaluating measurement error of equipment. In these experiments, several testers are asked to retest a set of items. Differences between testers under different conditions are used to estimate reproducibility, whereas repeat evaluations under identical conditions are used for estimating repeatability 3 . In contrast, the term replicability is used in genome-wide association studies to describe a repetition of a study by the same lab or researchers but with a different technology or a different data set (typically a follow-up subpopulation but possibly a different human population) 4 , whereas in GR&R, such a case would be called repeatability. In machine learning and computational mathematics, experiments are used to evaluate algorithms. The common terms in these fields are reproducibility and replicability, but different researchers have different definitions 5 . One distinction is whether the exact numerical results are recreated-for instance, by rerunning the code (repeatability)-versus whether the overall result can be rederived (replicability). Finally, in preclinical studies, reproducibility often relates to recreating the same numbers by different labs, whereas in GR&R and machine learning, the same term is used to describe changing experimental conditions beyond the researchers or lab. We see that the same terms are used with different meanings in different contexts. Our goal here is to provide conceptual clarification to this situation.
Reproducibility, replicability and repeatability are defined by which experimental conditions are changed versus which are kept constant, but definitions vary across areas. We suggest that these terms can be clarified by considering the intended generalization of the study. Generalization is a key concept in the information quality, or InfoQ, framework that we proposed in the context of applied research 6 and is, in some form, part of the goal of every scientific study. Statistical generalizability refers to inferring from a sample to a target population. Statistical analyses performed in scientific studies are typically aimed at achieving statistical generalizability. Scientific generalizability, on the other hand, refers to applying a model based on a particular target population to other populations. Reproducibility, repeatability and replicability are aimed at assuring generalizability, but the generalizability is typically of different types.
To illustrate this, we consider again the GR&R case. The goal behind GR&R repeatability is to assess measurement error of a specific device or technology for future use (statistical generalization). Therefore, test conditions are kept constant, but multiple testers are employed in rerunning tests of specific test items. Poor repeatability indicates needed improvement of the measurement technology. In contrast, the goal of GR&R reproducibility is generalizing to future use under different testing conditions such as different lab technicians or test environments (scientific generalization), and therefore both test conditions and testers are varied. Poor reproducibility calls for considering the overall measurement process, including operating procedures and provided training.
As an example from biological studies, we consider the recent criticism of standardization in animal behavior experiments 7 . The authors show that, in contrast to standardization being beneficial, introducing systematic variation of experimental conditions (which they call "heterogenization") may attenuate spurious results and improve reproducibility 8 . Considering this from the standpoint of generalization clarifies the issue. Standardized animal behavior experiments are differently generalizable than experiments with induced systematic variation of experimental conditions. In particular, standardization intends statistical generalization, whereas heterogenization intends scientific generalization.
In summary, although terminology can remain domain specific, we propose that researchers should clearly state the intended generalization of their study. Such an approach will clarify the implications of a study within and across fields.
